Objective: To establish limits of normal serum TSH for the adult (18 to 60 years) Brazilian population according to recommendations of the National Academy of Clinical Biochemistry. Subjects and methods: Healthy volunteers were evaluated and those fulfilling the following clinical criteria were selected: absence of known thyroid disease; no use of any interfering medications; no history of head and neck external radiotherapy, type 1 diabetes or autoimmune disease; no family history of thyroid disease, and absence of goiter or palpable nodules. Subjects with anti-thyroperoxidase antibodies and/or altered free T4 were excluded. The sample consisted of 960 subjects (480 males and 480 females). Results: TSH values corresponding to the 2.5th and 97.5th percentiles of the sample were 0.43 and 3.24 mIU/L, respectively. TSH values > 2.5 mIU/L were observed in 9.15% of the volunteers and levels > 3 mIU/L in 3.11%. Conclusion: The present study suggests an upper limit of normal TSH of approximately 3.5 mIU/L. Arq Bras Endocrinol Metab. 2010;54(7):603-6 Keywords TSH; reference values; adult population RESUMO Objetivo: Estabelecer os limites de normalidade do TSH sérico em uma população adulta (18 a 60 anos) brasileira, conforme as recomendações da National Academy of Clinical Biochemistry. Sujeitos e métodos: Inicialmente foram avaliados voluntários saudáveis e selecionados aqueles sem doença tireoidiana conhecida, uso de medicamentos interferentes, passado de radioterapia externa de cabeça e pescoço, diabetes tipo 1 ou doença autoimune, história familiar de doença tireoidiana, bócio ou nódulos palpáveis. Indivíduos com anticorpos antitireoperoxidase (TPOAb) e/ou T4 livre alterado foram excluídos. A amostra foi composta de 960 participantes (480 de cada sexo). Resultados: Os valores correspondentes aos percentis 2,5 e 97,5 da amostra foram 0,43 e 3,24 mIU/L, respectivamente. TSH > 2,5 mIU/L foi visto em 9,15% dos indivíduos e > 3 mIU/L em 3,11%. Conclusão: Nosso estudo sugere para a população adulta brasileira o limite superior normal do TSH de aproximadamente 3,5 mIU/L. Arq Bras Endocrinol Metab. 2010;54(7):603-6 Descritores TSH; valores de referência; população adulta
INTRODUCTION
T he current upper limit of normal serum TSH (approximately 4.5 mIU/L) has been questioned over the past few years and its reduction to 2.5 mIU/L is being defended by many investigators (1, 2) . Studies employing rigorous selection criteria, excluding subjects with thyroid disease not only based on clinical data but also on autoantibody measurement and ultrasonography (3), support this change. However, not all investigators agree with this change (4, 5) and there are also careful studies reaffirming that the upper limit of normal TSH of about 3.5 to 4 mIU/L is adequate (6) (7) (8) (9) (10) (11) (12) .
A reduction in the upper limit of normal for TSH has relevant consequences for the definition of subclinical hypothyroidism, with many patients currently classified as "euthyroid" being diagnosed with this condition, and for target TSH during levothyroxine (L-T4) replacement therapy, with many patients currently classified as "adequately treated" probably requiring treatment
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TSH reference values adjustment. Although TSH levels are not the only parameter evaluated for the initiation of L-T4 therapy or L-T4 dose adjustment, how much they differ from the upper normal limit will certainly influence the decision. On the basis of these implications, the adoption of lower TSH cut-off values requires discussion. On the other hand, in view of the possibility that many patients currently classified as "euthyroid" or "adequately treated" in fact are not, the subject cannot be minimized because of eventual economic consequences.
In view of this controversy, the objective of the present study was to establish reference limits of normal serum TSH for an adult (18 to 60 years) Brazilian population according to the recommendations of the National Academy of Clinical Biochemistry (NACB) (1).
SUBJECTS AND METHODS
The population studied was from the metropolitan region of Belo Horizonte (Minas Gerais, Brazil). Apparently healthy volunteers of both genders were initially interviewed and examined, and those fulfilling the clinical criteria shown in table 1 were selected. Next, serum samples were obtained from the selected subjects in the morning (at about 8 a.m.) after an 8-to 10-h fast, and anti-thyroperoxidase antibodies (TPOAb), free T4 and TSH were measured. Subjects presenting positive TPOAb and/or altered free T4 were excluded. Ultrasonography (US) was not performed because of the following reasons: US is not required by the NACB (1); previous studies have shown no change in the reference limits of normal TSH when subjects with ultrasonographic anomalies were excluded from the initial sample (3, (7) (8) (9) , a finding also demonstrated in a previous study from our group (13); and no consensus exists regarding the ultrasonographic findings (3, (6) (7) (8) (9) . A total of 1,802 volunteers were recruited; of these, 1,611 (89.4%) agreed to be interviewed and examined and 641 were excluded because they did not fulfill the selection criteria. The sample was considered to be complete after the inclusion of 480 participants of each gender [pre-defined and larger than that required by the NACB (1) functional sensitivity of 0.02 mIU/L, and intra-and interassay coefficients of variation < 7% for values ranging from 0.1 to 40 mIU/L. TPOAb and free T4 were also measured by a chemiluminescent assay (Immulite 2000, Diagnostic Products Corporation, Los Angeles, CA), with reference values up to 35 IU/mL and from 0.8 to 2.0 ng/dL, respectively.
The reference limits of normal TSH were defined as follows: 1) 2.5th and 97.5th percentiles of the values obtained for the sample; 2) logarithmic transformation of the values obtained, calculation of the mean ± 1.96 SD of these values, and exponentiation to obtain the limits corresponding to the original scale (1).
RESULTS
The distribution of TSH values in the sample is shown in figure 1 . The mean, median, minimum, maximum, and 2.5th and 97.5th percentiles of the values obtained were 1.52, 1.4, 0.35, 4.8, 0.43 and 3.24 mIU/L, respectively. TSH > 2.5 mIU/L was observed in 9.15% of the subjects and > 3 mIU/L in 3.11%. TSH reference values
The upper reference limit (mean + 1.96 SD) was estimated for the log-transformed data and then exponentiated back to the original scale. The resulting value (3.3 mIU/L) was very close to the 97.5th percentile of TSH values (3.24 mIU/L).
DISCUSSION
We first would like to emphasize that the following discussion, as well as our results, cannot be extrapolated to children, women in the first trimester of gestation or subjects older than 70 years (11) . Although the influence of other factors such as gender and race is possible, adjustment of TSH reference values for these factors is not recommended (1,14) .
In determining the TSH reference range, it has been customary to log-transform the data because of the skewed distribution (1). In fact, in the present study, TSH followed an approximate lognormal rather than Gaussian distribution. Nevertheless, the upper-reference limit based on "mean + 1.96 SD" of log-transformed TSH was very close to the 97.5th percentile.
Since occult thyroid disease cannot be excluded based only on clinical evaluation and antibody measurement and since the inadvertent inclusion of these cases may overestimate the upper limit of TSH (1, 14) , some studies have included ultrasonographic findings in the selection criteria of the population sample (3,6-10). Volzke and cols. (3), studying a previously iodine-deficient population, found an upper limit of TSH (97.5th percentile) of 2.12 mIU/L. This result is in contrast to other studies that also excluded subjects with ultrasonographic anomalies and reported values of 3.6 mIU/L (5,6), 3.35 mIU/L (7), 3.77 mIU/L (8), 3.37 mIU/L (9), and 3.7 mIU/L (10). As can be seen, even in series including US, which is supposed to minimize the risk of overestimating TSH, the upper limit was approximately 3.5 mIU/L, similar to the value found in the present study (3.24 mIU/L). Although the upper limits were similar, the comparison of the results of these different studies (5-10) is limited by population differences and the use of distinct TSH assays. Differences in the specificities of the anti-TSH monoclonal antibodies used and in how TSH glycoforms are recognized by different immunoassays contribute to the need for assay-specific values (15) . Furthermore, differences related to the distribution of these TSH isoforms and to iodine ingestion contribute to the need for population-specific TSH reference values.
Although patients without known or suspected thyroid disease and without antibodies may present ultrasonographic anomalies, the need of this method for sample selection to establish TSH reference values is questionable (9, 16) . In the study of Kratsch and cols. (8), the upper limit of TSH changed from 3.63 to 3.77 mIU/L when subjects with a family history of thyroid disease, antibodies or ultrasonographic anomalies were excluded from the initial sample. Hamilton and cols. (9) showed that the exclusion of subjects with altered US did not modify the value corresponding to the 97.5th percentile (3.37 mIU/L). Zöphel and cols. (7) reported that the initial sample and the reference sample (without antibodies and with normal US) yielded the same upper limit (97.5th percentile), 3.34 and 3.35 mIU/L, respectively. Even in the study of Volzke and cols. (3) , no reduction in median TSH values (reported according to gender and age) was observed after the exclusion of subjects with TPOAb or ultrasonographic alterations. We also observed that the exclusion of 19 subjects presenting only an altered US from a sample of 169 patients without known or suspected thyroid disease, no family history and without TPOAb had no impact on the TSH upper limit (13) . One current limitation of the use of US as a selection criterion is the discordance regarding the ultrasonographic findings. One study did not include glandular volume (9), another only considered nodules > 10 mm (3), two did not consider alterations in echogenicity (6, 8) , and one only included irregular hypoechogenicity (9) . In addition, 641 (39%) of the 1,611 subjects initially evaluated in this study were excluded, a fact demonstrating that the selection criteria adopted were highly restrictive.
In view of these doubts regarding the need of US for sample selection, studies that do not perform US cannot be neglected. In the NHANES III involving 13,344 subjects older than 12 years (excluding pregnant women) without known or laboratory evidence of thyroid disease (TSH < 0.1 mIU/L or > 4.5 mIU/L) and without antibodies (TPOAb or TgAb), the 97.5th percentile of TSH was 4.12 mIU/L (11). Jensen and cols. (12) , studying 987 subjects aged 17 to 66 years (excluding pregnant women) without known thyroid disease or a family history and without antibodies, reported a value of 4.07 mIU/L.
Consensus regarding the indication of treatment exists for subjects with persistent TSH > 10 mIU/L, whereas treatment is not recommended for subjects with TSH < 2.5 mIU/L (17). In cases presenting in-termediate values, TSH level is not the only parameter evaluated for the initiation of L-T4 therapy for subclinical hypothyroidism. It is essential that physicians consider various other patient-specific factors (17) before deciding whether thyroid hormone replacement therapy is indicated in an individual patient. If L-T4 replacement therapy is chosen, the upper limit of normal TSH should indeed be defined as the minimum value to indicate this therapy.
In a study also involving a Brazilian population (São Paulo), Duarte and cols. (10) evaluated 320 subjects aged 18 to 60 years (213 women) without known thyroid disease who were submitted to clinical examination and were TPOAb and US negative, and reported an upper limit of TSH of 3.7 mIU/L. These findings and the results of the present study suggest that the upper limit of normal TSH for the adult Brazilian population would be approximately 3.5 mIU/L, a limit lower than the traditional value of 4.5 mIU/L but not as low as the limit suggested by some investigators (2.5 mIU/L) (1,2).
